Background/Purposes: There are various types of coronary artery fistula (CAF) with complex shapes; therefore, it is important to obtain a correct diagnosis and to understand its relations to the adjacent structures before surgery. This study evaluated echocardiography and 64-multislice computed tomography (64-MSCT) angiography in diagnosing CAF. Methods: Sixteen patients with CAF, confirmed by surgical operation or digital subtraction angiography, were examined by echocardiography. Five of them were further examined by 64-MSCT angiography for detailed anatomical information before surgery. The imaging data for echocardiography and 64-MSCT angiography were analyzed retrospectively. Results: Among the 16 patients, 12 were correctly diagnosed by echocardiography, of whom five were confirmed by 64-MSCT angiography. Four cases missed diagnosis by echocardiography, and one of these was correctly diagnosed by 64-MSCT. Seventeen fistulae were found, of which, two appeared in one patient. Ten fistulae originated from the left coronary artery and seven from the right. The draining site was the right heart in eight, pulmonary artery in five, left heart in three and aorta in one. Conclusion: Echocardiography can act as the routine examination of CAF, and 64-MSCT angiography can provide more detailed anatomical and pathological information for surgery than echocardiography.
Coronary artery fistula (CAF), congenital or acquired, is clinically rare. It involves an abnormal and direct vascular communication between a coronary artery (CA) and other cardiac structures, either cardiac chambers or major vessels. Patients with CAF lack clinical symptoms but might suffer from myocardial ischemia or heart malfunction; therefore, early diagnosis is necessary.
1,2 Echocardiography has been used for diagnosis of CAF, yet there are some limitations, such as low resolution of images or effects of lung gases. [3] [4] [5] [6] Digital subtraction angiography (DSA) has been accepted as the gold standard for the diagnosis of CAF; however, it is an invasive and expensive examination.
In recent years, with the application of the 64-multislice computed tomography (64-MSCT), DSA is being replaced by computed tomography angiography (CTA). CTA has been extensively used in examining cardiovascular diseases. [7] [8] [9] [10] In this study, we retrospectively analyzed and compared the imaging data of echocardiography and 64-MSCT angiography in diagnosing CAF. 
Materials and Methods

Study subjects
Results
Among the 16 patients with CAF, 12 with fistulae between 0.3 cm and 0.6 cm were correctly diagnosed with echocardiography, of whom five were confirmed with 64-MSCT angiography ( Figures  1-4 ). Four patients with fistulae between 0.15 cm and 0.25 cm were missed by echocardiography, of whom one was correctly diagnosed with 64-MSCT angiography ( Figure 5 ), and another was diagnosed with two fistulae. Ten fistulae originated from the left CA and seven from the right CA. Their draining site included the right heart (8 fistulae), pulmonary artery (5 fistulae), left heart (3 fistulae) and aorta (1 fistula) ( Table 1) . Both echocardiography and 64-MSCT angiography showed the origin of CAF and the size of fistula (Tables 1 and 2 ). In addition, echocardiography showed the aliasing mosaic blood flow ( Figure 1 ), and 64-MSCT angiography showed the whole shape, course and wall calcification of CAF and the surrounding structures (Figures 2-4) .
Of the 16 patients studied, continuous systolic murmurs in the left parasternal region (grades 2-3 of 6) were found in 13 patients, of which, one was accompanied by atrioventricular septal defect, and patent ductus arteriosus, and another two were accompanied by ventricular septal defect.
The heart murmurs disappeared after surgical repair. Chest distress and heart failure were found in three cases, of which, two were accompanied by exertional angina pectoris and one by myocarditis, whose diagnoses were confirmed by DSA.
Discussion
Characteristics of CAF
CAF is an abnormal communication from the CA to the cardiac chambers or major vessels. Its originating CA might be dilated, with tortuousity and fusiform dilation or capsular aneurysm.
Patients with CAF might occasionally show merging of several condition, such as patent ductus arteriosus, malposition of great arteries, and Tetralogy of Fallot. Most patients aged > 20 years have the stealing phenomenon of the CA, which may develop into serious and fatal complications, so they would undergo surgery because the surgical risk is less than that of the complications. In our study, 17 fistulae were found in 16 patients, of whom one had two fistulae. These fistulae were different in size and shape, with some appearing like a net or cluster. Thirteen patients with heart murmurs underwent surgical repair and achieved good outcomes, which is similar to previous studies.
11-14
Diagnosis values
Echocardiography has a high value in showing the origin of CAF, draining cardiac chamber and hemodynamics changes. However it cannot clearly show small fistula the whole CAF, normal CA or wall calcification. 12, 15 In our study, 12 patients with CAF were correctly diagnosed with echocardiography and confirmed by surgery, but four cases with a fistulae smaller than 3 mm were not diagnosed. This implies that echocardiography cannot easily show fistulae that are 3 mm. 64-MSCT correctly diagnosed five patients with CAF, showing the smallest fistula of 2.5 mm, similar to surgery. In addition, 64-MSCT angiography can show wall calcification, and the whole shape or course of CAF and surrounding structures. These results have attracted the attention of the surgeons in our hospital. They think that 64-MSCT is safe, dependable, and accurate in diagnosing CAF, and can yield a lot of information about anatomy and pathology before surgery. [16] [17] [18] [19] In our study, we
could not say that we found a significant difference between echocardiography and 64-MSCT angiography for diagnosis of CAF because the sample number was limited. A larger sample size would be needed to show a significant difference between them. 
Imaging techniques of CTA
Differential diagnosis
CAF must be distinguished from some related diseases, such as the rupture of aortic sinus aneurysm, aorta right ventricle tunnel, or Kawasaki disease. Rupture of aortic sinus aneurysm refers to the intrusion of the enlarged aortic sinus into the cardiac chamber without any CA abnormality. The aorta right ventricle tunnel, going by the aortic valve, is an abnormal communication between the ascending aorta and the left ventricle. Kawasaki disease shows CA dilation, without abnormal blood flow or communication with the cardiac chamber. 15, 22, 23 In summary, 64-MSCT angiography can show all the direct signs of CAF, including the origin, fistula and surrounding structures. It provides more information for surgery than echocardiography does, and it has important clinical value for examination of patients who have suspicion of CAF.
